ABSTRACT -Background -Primary sclerosing cholangitis is a rare disease, but its prevalence has been underestimated in children and adolescents due to broad variation in clinical presentation as well as diagnostic challenges in this life period. Objective -To evaluate children and adolescents with primary sclerosing cholangitis and to describe their clinical, laboratorial, histopathological, and cholangiography conditions. Methods -This is an observational descriptive research that took place from 2005 to 2016 and included all the patients seen in the Outpatient Unit for Pediatric Hepatology of Hospital das Clinicas of UFMG who had been diagnosed with primary sclerosing cholangitis before the age of 18. Diagnosis was established through clinical, laboratory, radiographic and/or histopathologic criteria. Other chronic liver diseases were excluded, as well as secondary causes of cholangitis. Data analysis used statistic resources in SPSS software. Variables were expressed as averages, standard deviation, absolute frequency, and percentage. Results -Twenty-one patients fulfilled criteria to be included in the research sample. Male patients predominated (3.2:1) and average age at diagnosis was 6.7±3.9 years. Five (23.8%) patients had associated inflammatory bowel disease, four had ulcerative colitis and one indeterminate colitis. Signs and symptoms vary and are usually discrete at presentation. The most frequent symptom was abdominal pain (47.6%) followed less frequently by jaundice (28.6%) and itching (14.3%). The reason for medical investigation was asymptomatic or oligosymptomatic enzyme alterations in 33.3% of patients. All patients presented increased hepatic enzymes: aminotransferases, gamma glutamyl transferase, and alkaline phosphatase. Twenty patients had alterations compatible to primary sclerosing cholangitis in their cholangiography exam; one patient had no alterations at magnetic resonance cholangiography, but presented histopathologic alterations that were compatible to small duct cholangitis. Hepatic fibrosis was present in 60% of 15 patients who were biopsied upon admission; cirrhosis being present in four (26.7%) patients. A total of 28.5% of patients had unfavorable outcomes, including two (9.5%) deaths and four (19%) transplants. Conclusion -Primary sclerosing cholangitis is a rare disease in childhood and adolescence and its initial diagnosis may be delayed or overlooked due to asymptomatic or unspecific clinical manifestations. The association with inflammatory bowel disease is common. Prognosis may be unfavorable as the disease progresses and hepatic transplant is the definitive treatment.
INTRODUCTION
Primary sclerosing cholangitis (PSC) is a chronic liver disease of unknown etiology with an autoimmune component, characterized by chronic inflammation and fibrosis of intra and/or extra-hepatic biliary ducts, and a slow, but progressive, evolution towards cirrhosis (5, 7, 8) . PSC is predominant in males (2:1) and young adults, although it can occur at any age. However, some characteristics are specific to children. Itching, for example, is less frequent in children and adolescents when compared to adults. PSC prevalence has been underestimated in children and adolescents, due to a broad range of clinical presentations as well as diagnostic challenges inherent to this age group. The initial phase of the disease is usually insidious and silent. Diagnosis may be delayed and occur only when chronic liver disease, cirrhosis with ascites or digestive hemorrhage or portal hypertension complications have already set in (9) . Therefore, PSC should always be considered in any patient with chronic liver disease of unidentified etiology, particularly males.
Primary sclerosing cholangitis in children and adolescents
Diagnosis of PSC is based on cholangiography findings (multifocal dilations and stricture in part or the entirety of the biliary tract), clinical, laboratory, and histological findings, as well as exclusion of secondary causes of cholangitis (3, 6, 7, 9) . Aminotransferases levels are slightly increased; gamma glutamyl transferase (GGT) can reach twice the normal levels and is more sensitive than alkaline phosphatase for diagnosis in children (3, 5, 7) . Recently, PSC of small ducts was described, when chronic cholestasis and histopathologic findings compatible with PSC associated with normal imaging exams for the biliary tract (8) . Diagnosis and management of PSC is challenging in pediatric patients. Prognosis is reserved and 20% to 30% of patients will require liver transplantation (8) .
Taking into account the limited number of studies in literature, the objective of this study is to evaluate children and adolescents with PSC, describing their clinical, laboratory, histopathologic and cholangiography findings.
METHODS
This study has an observational descriptive research design and took place from 2005 to 2016, included all patients seen in the Outpatient Unit for Pediatric Hepatology in the Pediatric Gastroenterology sector of the Clinical Hospital of the Federal University of Minas Gerais (UFMG) who had been diagnosed with PSC before the age of 18.
Diagnosis was established through clinical, laboratory, radiographic and/or histopathologic criteria: clinical evidence of chronic liver disease (hepatosplenomegaly, palmar erythema, telangiectasis) associated to alteration in laboratory exams (increased GGT, associated or not to increased aminotransferases), and/or histopathologic alterations (bile duct injury, periductular onion skin fibrosis, cholestasis), and/or imaging alterations (multifocal dilations and stricture in part or the entirety of the biliary tract compatible to diagnosis). Patients with superimposed autoimmune hepatitis or secondary causes of cholangitis (such as trauma, tumors, histiocytosis, immunodeficiency, and infections) were excluded from the sample.
All patients who are admitted to the outpatient unit undergo clinical and laboratory evaluation, including hepatic enzymes, histopathologic and imaging evaluation, among others. Other chronic liver diseases were investigated in order to exclude autoimmune hepatitis (AIH), Wilson's disease, α1-antitripsine deficiency, viral hepatitis, and hepatitis due to drugs, as well as secondary causes of cholangitis. Follow-up was established according to clinical conditions of each patient.
Biopsies were evaluated searching for signs of PSC, such as aggression and ductal proliferation, onion skin fibrosis, reduced ducts, cholestasis, or inflammation. Other histopathologic findings were also evaluated to facilitate differential diagnosis, particularly with superimposed autoimmune hepatitis. Presence of fibrosis and cirrhosis was also taken into consideration.
Cholangiography findings were obtained through magnetic resonance cholangiopancreatography (MRCP) or endoscopic retrograde cholangiopancreatography (ERCP). Images were then reevaluated by the health team responsible for follow up. Findings suggestive of PSC include multifocal dilations and strictures in part or entirety of biliary tract.
Colonoscopy to investigate for inflammatory bowel disease (IBD) was performed in all patients with gastrointestinal symptoms. The diagnosis of IBD was confirmed on histology in conjunction with the endoscopic findings reported by the endoscopist.
Data analysis used statistic resources in SPSS software. Variables were expressed as averages, standard deviation, absolute frequency, and percentage.
The study was approved by the Research Ethics Committee of UFMG. (no. 17395313.0.0000.5149).
RESULTS
Twenty-one patients fit sample inclusion criteria. Average followup time was of 4.8±3.4 years, varying from 3 months to 10 years.
The main clinical findings are summarized in Table 1 . Male gender was predominant (3.2:1). Age at initial presentation of symptoms and diagnosis was predominantly in the first decade of life, with a lag of 1.6 years from onset to average age at diagnosis. Five patients presented inflammatory bowel disease (IBD), four of these having ulcerative colitis and one with undetermined colitis. In four patients, diagnosis of IBD took place before or concurrently to PSC diagnosis. In one patient, ulcerative colitis became evident after diagnosis of PSC.
The most frequent symptom at disease onset was abdominal pain (47.6%), followed by jaundice (28.6%), and itching (14.3%). Hepatosplenomegaly was present in 52.4% of patients at clinical exam. Altered enzyme levels were the reason for liver disease investigation in 33.3% of patients and, in 9.5%, low platelet count secondary to hepatosplenomegaly.
Laboratory results are found in Table 2 . All patients showed increased hepatic enzymes: alanine aminotransferase (ALT), aspartate aminotransferase (AST), GGT and alkaline phosphatase. Anti-nuclear factor (ANA) was positive in only three (14.2%) patients. Positive anti-neutrophil cytoplasmic antibody (ANCA) was found in 14.2% of our sample. All 21 patients underwent cholangiogram exam -one through ERCP and the remaining through MRCP. Only one patient had no biliary tract alterations, although GGT and alkaline phosphatase were increased and the biopsy sample showed small duct anomalies.
The 20 patients who presented alterations in the cholangiogram had findings compatible with PSC diagnosis (Table 3) . Dilations Primary sclerosing cholangitis in children and adolescents and/or stricture of intra or extrahepatic biliary ducts ( Figure 1) were the most common findings (81%). Alterations exclusive to extrahepatic sites were found in only two (9.5%) patients. No patients had exclusively intrahepatic biliary alterations. One patient evolved with dominant stenosis of the biliary tract. Following repeated episodes of cholangitis and sepsis, this last patient received a liver transplant and is currently well.
Fatal outcome occurred in two patients. The first was a 13-yearold with cholangiocarcinoma presenting with acute and sudden deterioration of liver function, jaundice, and difficult-to-manage ascites, leading to death within eight months of diagnosis. This patient did not present IBD. The second patient died at 22-yearsof-age due to hepatic failure before transplant.
Four (19%) patients received transplants, one at 11, two at 13, and one at 15 years of age. All had good outcomes and have not presented disease recurrence to date (1 to 8 years following liver transplant).
Twenty patients were treated with ursodeoxycholic acid (UDCA) at an average dose of 15 mg/kg/day. One patient did not make use of this medication due to swift progression to liver failure and need for transplant. Of those who made use of UDCA, 12 (60%) presented biochemical improvement. The two patients who died and three of the four patients who received a liver transplant never reached normal enzyme concentrations while in use of UDCA. No patients presented adverse reactions significant enough to lead to suspension of medication.
Five patients also received steroids and/or azathioprine due to IBD, with good results.
DISCUSSION
Studies on PSC in pediatric patients are limited, especially in Brazil. Only one report of four patients was published in 1998 (13) . Existing literature sometimes presents diverging results depending on time of publication and the service in which the study took place, reflecting diverse research designs and diagnostic protocols. Older research studies, in particular, failed to exclude secondary causes of cholangitis. Cholangitis that is secondary to systemic diseases such as immunodeficiency may lead to poor prognosis. Besides Liver biopsy was performed in 15 of the 21 patients. Biopsy results are summarized in Table 4 . Fibrosis was established in 9 (60%) of the 15 biopsied patients, and cirrhosis in four (26.7%). Onion skin fibrosis (Figure 2 ) was found in only two (13.3%) patients. Lesions and ductal aggression were present in 33.3% of patients.
FIGURE 1.
Magnetic resonance cholangiopancreatography image shows overall irregularity of the intra and extrahepatic ducts which produces the beaded appearance (arrows). (2, 4, 5, 15) . Separation between patients with isolated PSC and those with ASC is relevant because their prognosis is different due to response to immunosuppressants in ASC, unlike isolated PSC (8, 12) . Differentiation between the two isn't always clear and progression of AIH to ASC has been documented in children in particular (8) . Another limitation of these studies is that most are, as is ours, retrospective. PSC remains a rare disease in childhood. In the present study, we described 21 patients seen throughout 12 years of outpatient follow up. Cases of secondary cholangitis, immunodeficiency, and ASC were excluded from the sample. Various authors in literature report different sample sizes (Table 5) , but some included patients with secondary cholangitis and ASC. Valentino et al. (14) published the largest sample size to date, where they describe 120 patients, 89 of these with isolated PSC.
The disease is more predominant in males, unlike autoimmune hepatites, as reported in literature (3, 5, 7, 14) . In this study, disease onset was within the first decade of life. Most population samples reported show onset in second decade of life (3, 5, 14, 15) . In Valentino and collaborators' (14) sample, 40% of cases were diagnosed in the first decade of life, 4 of these under two years of age and the youngest at 6 months of age.
Signs and symptoms vary at onset and are generally subtle. Assymptomatic cases are also common and are evaluated due to hepatosplenomegaly or alteration of laboratory results (5) . Cases that present jaundice, which would facilitate the identification of liver disease, are less frequent, and consisted of 28.6% in our study and 15% to 25% in other studies (5, 10, 15) . Itching was reported in 15% of our patients, a rate similar to the 19% described by Feldstein et al. (5) and Miloh et al. (10) , evidence that it is a less frequent symptom in childhood when compared to adults. In Valentino and collaborators' (14) sample, most patients were diagnosed due to alterations in hepatic biochemistry and only 6% of patients had jaundice, 26% abdominal pain and/or itching, while 64% were asymptomatic. Due to the lack of specificity in clinical presentations, PSC should always be taken into consideration in any patient with chronic liver disease without etiologic definition, particularly in males.
Our study found a lag of 1.6 years between onset of disease and final diagnosis. Subtle and unspecific diagnosis and a need for broad evaluations to exclude other liver diseases in differential diagnosis partially explain the noteworthy delay in reaching a final diagnosis. However, in their American sample, Valentino et al. (14) found a shorter span, of only 2.5 months, between onset and diagnosis. We speculate that, due to the rarity of the disease, health professionals do not readily recognize it among differential diagnosis and this might contribute to diagnostic delay and may be the most effective area for intervention for more effective and prompt diagnosis.
As in adults, PSC is frequently associated to IBD. In this study, only 23.8% of cases had associated IBD, predominantly ulcerative colitis. In literature, the association rate is described as 53% to 85% 
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, 2013 85 29 13 Sample stems from patients with IBD. Separate analysis for PSC, ASC, and AIH Valentino et al. (14) , Primary sclerosing cholangitis in children and adolescents of cases, also predominately colitis (5, 14, 15) , but lower rates of 10.7% were found by Debray et al. (2) , although their sample included cases of secondary cholangitis. This difference may owe itself to the fact that not all our patients were submitted to colonoscopy, only those with symptoms, which may have lead to a lower prevalence. Therefore, colonoscopy might be recommended in all patients with PSC, regardless of symptoms, as recommended by English King's College (8) . Most cases occurred previous to or concurrent with diagnosis of PSC, as described in literature (5, 14) . No other associated autoimmune diseases were found among our patients. Regarding autoimmune hepatitis, overlap with sclerosing cholangitis was an exclusion criterion. Valentino et al. (14) found low association (7%) of PSC to other autoimmune diseases such as diabetes and celiac disease.
All our patients had alterations in blood concentrations of hepatic enzymes, aminotransferases and GGT and alkaline phosphatase. Feildstein et al. (5) found altered alkaline phosphatase in 25% of their sample; however, their study included patients with autoimmune cholangitis, which may explain some discrepancies between results. These authors also found positive ANA and AML in 69% of cases while our sample had a 14.3% rate of positivity for ANA. These differences highlight the importance of analyzing patients with sclerosing cholangitis separately from those with ASC since both clinical presentation and disease progression appear to be different.
Regarding imaging of biliary tract, MRCP has the advantage of not being invasive and not contributing to risk of radiation or associated pancreatitis, unlike ERCP. It has also been shown to be accurate in diagnosis of PSC (10) . The findings are those classically described in studies of children and adults: predominance of alterations in both intra and extrahepatic ducts as found in this study (5, 10) . In the study by Miloh et al., 16 (32.7%) of 49 patients had normal cholangiograms, with abnormalities only in histopathology, characterizing cholangitis of small ducts (10) . Presence of histopathologic fibrosis in 60% of patients, 26.7% of these with established cirrhosis might explain patient outcomes. Onion skin fibrosis was found in only two patients and is reported to be rare (8) . Patients with advanced fibrosis (METAVIR 3 or 4) at diagnosis composed 41% of Valentino and collaborators' sample and 65% of Batres et al. (1) . Miloh et al. (10) found that all patients had abnormalities that suggested PSC, with some degree of fibrosis, cirrhosis in 9%, and 12 (26.7%) of 45 patients with onion skin fibrosis. Small duct PSC was observed in 34% of Miloh's cases, a higher rate than that found by other authors (1, 8, 10) . In our study only one patient presented small duct cholangitis.
Prognosis of PSC is poor as evidenced by results of follow up showing high rates of transplants and complications throughout disease progression. Approximately 20% to 30% of patients will require liver transplants (1, 8) . In this study it is noteworthy that 9.5% of patients had a fatal outcome and 19% required transplant; therefore 28.5% of patients had a poor prognosis, a rate similar to that described by Wilschanski et al. (15) . Miloh et al. (10) found that 17% of patients required transplants; one patient progressed to cholangiocarcinoma and death eight months after diagnosis. Deneau et al. (3) also reported two cases of cholangiocarcinoma among 29 patients aged 17.9 to 18 years of age. Our patient, at 13-years-old, was younger and had been diagnosed with PSC at 6.5 years of age. In Feldstein et al. (5) study, average survival with native liver was of 12.7 years, further evidencing the poor prognosis of the disease. Deneau et al. (3) reported that 11 (38%) of 29 patients developed complications such as portal hypertension, cholangiocarcinoma, liver transplant, and death. In Valentino et al. (14) , in a sample of 89 patients, none progressed to neoplasia and fatal outcome was of 2%, less than previous studies. One of our patients presented dominant stenosis of biliary tract and underwent dilation of biliary tracts (4.8%), a rate compatible with previous publications which vary from 2% to 12% (3, 5, 14) . Regarding treatment, 20 patients made use of UDCA, with no significant adverse effects. Patients who progressed to fatal outcome or transplants did not reach normal enzyme values despite medication. UDCA improves itchiness, may improve biochemistry, but studies in adults have failed to show improvement in disease progression or increased survival rates (10, 11, 16) . Use of UDCA remains controversial in literature and the evaluation of its efficacy in changing disease prognosis is beyond the scope of this paper. Well designed and controlled studies with pediatric samples are desirable, despite the difficulties to execute due to the disease's rarity. Therefore, current treatment is supportive and directed more towards management of complications (dominant stenosis, itchiness, cholangitis, and nutritional deficiencies) than the cause of PSC. Liver transplant is, therefore, the only alternative for most patients. Recurrence following transplant is reported for 11% to 27% of patients (5, 10, 14) , but our four transplanted patients have yet to show signs of disease recurrence.
PSC is concluded to be a rare disease, with a difficult diagnosis and poor prognosis. Therefore, diagnosis of PSC should be taken into account in any patient with etiologically undefined chronic hepatitis, particularly in males. Further studies are necessary to better understand physiopathology and improve approach and management of patients in order to improve prognosis of this devastating disease.
